{ 



j 

J 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP1 125 549 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) IntCU: A61 B 5/042 




22.08.2001 Bulletin 2001/34 


(21) 


Application number: 01301387.5 






uaie ot Tiling, ib.uz.zuui 




(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Ben-halm, Shlomo 




MC NL PT SE TR 


Haifa 34641 (IL) 




Dp^ionatpd Fytpn^ion Statp^* 


* Porath Joshua 




AL LT LV MK RO SI 


Haifa 34463 (IL) 






• Herman, Frederick L. 


(30) 


Priority: 18.02.2000 US 506766 


Zichron Yaacov 309000 (IL) 


(71) 


Applicant: Biosense, Inc. 


(74) Representative: Mercer, Christopher Paul 




New Brunswick, NJ 08933 (US) 


Carpmaels & Ransford 






43, Bloomsbury Square 






London WC1A2RA (GB) 


(54) 


Catheter for generating an electrical map of a chamber of the heart 



(57) A novel apparatus and method for rapidly gen- 
erating an electrical map of a chamber of a heart utilizes 
a catheter including a body having a proximal end and 
a distal end. The distal end has a distal tip and an array 
of non-contact electrodes having a proximal end and a 
distal end and at least one location sensor. Preferably, 
two location sensors are utilized. The first location sen- 
sor is preferably proximate to the catheter distal tip and 
the second location sensor is preferably proximate to 



the proximal end of the non-contact electrode array. The 
catheter distal end further preferably includes a contact 
electrode at its distal tip. Preferably, at least one and 
preferably both of the location sensors provide six de- 
grees of location information. The location sensor is 
preferably an electromagnetic location sensor. The 
catheter is used for rapidly generating an electrical map 
of the heart within at least one cardiac cycle and prefer- 
ably includes cardiac ablation and post-ablation valida- 
tion. 
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Description 

FIELD OF THE INVENTION 

[0001] The invention is directed to methods, appara- 
tus and associated catheters for rapidly generating an 
electrical map of a chamber of a heart utilizing an array 
of non-contact electrodes for obtaining information in- 
dicative of chamber electrical activity, and optionally, of 
chamber geometry. 

BACKGROUND OF THE INVENTION 

[0002] Cardiac arrhythmias, the most common of 
which is ventricular tachycardia (VT), are a leading 
cause of death. In a majority of patients, VT originates 
from a 1 mm to 2 mm lesion located close to the inner 
surface of the heart chamber. One of the treatments for 
VT comprises mapping the electrical pathways of the 
heart to locate the lesion followed by ablation of the ac- 
tive site. 

[0003] Commonly assigned U.S. patent 5,546,951 ; U. 
S. patent application 08/793,371 ; and PCT application 
WO 96/05768, which are incorporated herein in their en- 
tirety by reference, disclose methods for sensing an 
electrical property of heart tissue, for example, local ac- 
tivation time, as a function of the precise location within 
the heart. The data are acquired with one or more cath- 
eters that are advanced into the heart using catheters 
that have electrical and location sensors in their distal 
tips. Methods of creating a map of the electrical activity 
of the heart based on these data are disclosed in EP-A- 
0 974 936 and EP-A-1 070 430 which are also incorpo- 
rated herein in their entirety by reference. As indicated 
in these applications, location and electrical activity is 
preferably initially measured on about 10 to about 20 
points on the interior surface of the heart. These data 
points are then generally sufficient to generate a prelim- 
inary reconstruction or map of the cardiac surface to a 
satisfactory quality. The preliminary map is often com- 
bined with data taken at additional points in order to gen- 
erate a more comprehensive map of the hearts electri- 
cal activity. In clinical settings, it Is not uncommon to ac- 
cumulate data at 100 or more sites to generate a de- 
tailed, comprehensive map of heart chamber electrical 
activity. The generated detailed map may then serve as 
the basis for deciding on a therapeutic course of action, 
for example, tissue ablation, to alter the propagation of 
the heart's electrical activity and to restore normal heart 
rhythm. 

[0004] Catheters containing position sensors may be 
used to determine the trajectory of points on the cardiac 
surface. These trajectories may be used to infer motion 
characteristics such as the contractility of the tissue. As 
disclosed in U.S. patent 5,738,096 which is incorporated 
herein in its entirety by reference, maps depicting such 
motion characteristics may be constructed when the tra- 
jectory information is sampled at a sufficient number of 



2 

points In the heart. 

[0005] Electrical activity at a point in the heart is typ- 
ically measured by advancing a catheter containing an 
electrical sensor at or near its distal tip to that point in 
5 the heart, contacting the tissue with the sensor and ac- 
quiring data at that point. One drawback with mapping 
a cardiac chamber using a catheter containing only a 
single, distal tip electrode is the long period of time re- 
quired to accumulate data on a point-by-point basis over 
10 the requisite number of points required for a detailed 
map of the chamber as a whole. Accordingly, multiple- 
electrode catheters have been developed to simultane- 
ously measure electrical activity at multiple points in the 
heart chamber. 
is [0006] Two approaches have been previously taken 
to acquire cardiac data using multi-electrode catheters 
by contact and non-contact methods. 
[0007] U.S. Patent 5,487,391, directed to systems 
and methods for deriving and displaying the propagation 
velocities of electrical events in the heart, is illustrative 
of contact methods found in the art. In the system dis- 
closed in the '391 patent, the electrical probe is a three- 
dimensional structure that takes the form of a basket. In 
the illustrated embodiment, the basket is composed of 
8 splines, each of which carries eight electrodes, for a 
total of 64 electrodes in the probe. The basket structure 
is designed such that when deployed, its electrodes are 
held in intimate contact against the endocardial surface. 
A problem with the catheters disclosed in the '391 patent 
is that they are both difficult and expensive to produce. 
The large number of electrodes in such catheters is also 
very demanding of the data recording and processing 
subsystem. There are additional complexities associat- 
ed with the deployment and withdrawal of these cathe- 
ters, and increased danger of coagulation. 
[0008] U.S. Patent 5,848,972 to Triedman et al. dis- 
closes a method for endocardial activation mapping us- 
ing a multi-electrode catheter. In the method of the '972 
patent, a multi-electrode catheter, preferably, a 50-elec- 
trode Webster-Jenkins™ basket catheter from Cordis- 
Webster of Baldwin Park, CA, is advanced into a cham- 
ber of the heart. Anteroposterior (AP) and lateral fluor- 
ograms are obtained to establish the position and orien- 
tation of each of the electrodes. Electrograms are re- 
corded from each of the electrodes in contact with the 
cardiac surface relative to a temporal reference such as 
the onset of the P-wave in sinus rhythm from a body 
surface ECG. Interestingly, Triedman et al. differentiate 
between those electrodes that register electrical activity 
and those that do not due to absenee of close proximity 
to the endocardial wall. After the initial electrograms are 
recorded, the catheter is repositioned, and fluorograms 
and electrograms are once again recorded. An electrical 
map is then constructed from the above information. 
[0009] U.S. Patent 4,649,924 to Taccardi discloses a 
method for the detection of intracardiac electrical poten- 
tial fields. The '924 patent is illustrative of the non-con- 
tact methods that have been proposed to simultaneous- 
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ly acquire a large amount of cardiac electrical informa- 
tion. In the method of the '924 patent, a catheter having 
a distal end portion is provided with a series of sensor 
electrodes distributed over its surface and connected to 
insulated electrical conductors for connection to signal s 
sensing and processing means. The size and shape of 
the end portion are such that the electrodes are spaced 
substantially away from the wall of the cardiac chamber. 
The method of the '924 patent is said to detect the int- 
racardiac potential fields in only a single cardiac beat. 
The sensor electrodes are preferably distributed on a 
series of circumferences lying in planes spaced from 
each other. These planes are perpendicular to the major 
axis of the end portion of the catheter. At least two ad- 
ditional electrodes are provided adjacent the ends of the 
major axis of the end portion. The '924 patent discloses 
only a single exemplary embodiment in which the cath- 
eter comprises four circumferences with eight elec- 
trodes spaced equiangularly on each circumference. 
Thus, in that exemplary embodiment, the catheter com- 
prises at least 34 electrodes (32 circumferential and 2 
end electrodes). 

[0010] PCT application WO 99/06112 to Rudy (the 
"Rudy method"), the disclosure of which is incorporated 
herein by reference discloses an electrophysiological 
cardiac mapping system and method based on a non- 
contact, non-expanded multi-electrode catheter. Elec- 
trograms are obtained with catheters having from 42 to 
1 22 electrodes. In addition to the above-described prob- 
lem of complexity of multi -electrode catheters, the Rudy 
method requires prior knowledge of the relative geom- 
etry of the probe and the endocardium, which must be 
obtained via an independent imaging modality such as 
transesophogeal echocardiography. In the Rudy meth- 
od, after the independent imaging, non-contact elec- 
trodes are used to measure cardiac surface potentials 
and construct maps therefrom. Briefly, the Rudy method 
involves the following steps (after the independent im- 
aging step): (a) measuring electrical potentials with a 
plurality of electrodes disposed on a probe positioned 
in the heart; (b) determining the geometric relationship 
of the probe surface and the endocardial surface; (c) 
generating a matrix of coefficients representing the ge- 
ometric relationship of the probe surface and the endo- 
cardial surface; and (d) determining endocardial poten- 
tials based on the electrode potentials and the matrix of 
coefficients. 

[0011] U.S. Patent 5,297,549 to Beatty et al. (the 
"Beatty method"), the disclosure of which is incorporat- 
ed herein by reference, discloses a method and appa- 
ratus for mapping the electrical potential distribution of 
a heart chamber. In the Beatty method, an intra-cardiac 
multielectrode mapping catheter assembly is inserted 
into the heart. The mapping catheter assembly includes 
a multi-electrode array with an integral reference elec- 
trode, or, preferably, a companion reference catheter. In 
use, the electrodes are deployed in the form of a sub- 
stantially spherical array. The electrode array is spatially 
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referenced to a point on the endocardial surface by the 
reference electrode or by the reference catheter which 
is brought into contact with the endocardial surface. The 
preferred electrode array catheter is said to carry at least 
24 individual electrode sites. Additionally, the Beatty 
method requires knowledge of the location of each of 
the electrode sites on the array, as well as a knowledge 
of the cardiac geometry. These locations are preferably 
determined by the method of impedance plethysmogra- 
phy. 

[0012] U.S. patent 5,311 ,866 to Kagan et al. discloses 
a heart mapping catheter assembly including an elec- 
trode array defining a number of electrode sites. The 
mapping catheter assembly also comprises a lumen to 
accept a reference catheter having a distal tip electrode 
assembly which may be used to probe the heart wall. In 
the preferred construction, the mapping catheter com- 
prises a braid of insulated wires, preferably having 24 
to 64 wires in the braid, each of which are used to form 
electrode sites. The catheter is said to be readily posi- 
tionable in a heart to be used to acquire electrical activity 
information from a first set of non-contact electrode sites 
and/or a second set of in-contact electrode sites. 
[0013] U.S. Patents 5,385,146 and 5,450,846 to 
Goldreyer disclose a catheter that is said to be useful 
for mapping electrophysiological activity within the 
heart. The catheter body has a distal tip which is adapt- 
ed for delivery of a stimulating pulse for pacing the heart 
or an ablative electrode for ablating tissue in contact with 
the tip. The catheter further comprises at least one pair 
of orthogonal electrodes to generate a difference signal 
indicative of the local cardiac electrical activity adjacent 
the orthogonal electrodes. 

[0014] U.S. Patent 5,662,1 08 to Budd et al. discloses 
a process for measuring electrophysiologic data in a 
heart chamber. The method involves, in part, positioning 
a set of active and passive electrodes into the heart; 
supplying current to the active electrodes, thereby gen- 
erating an electric field in the heart chamber; and meas- 
uring said electric field at said passive electrode sites. 
In one of the disclosed embodiments, the passive elec- 
trodes are contained in an array positioned on an inflat- 
able balloon of a balloon catheter. In preferred embod- 
iments, the array is said to have from 60 to 64 elec- 
trodes. 

[0015] In summary, a number of methods have been 
proposed for increasing the speed of acquiring an elec- 
trical map of the heart. In general, these methods suffer 
from requiring complex equipment, or often require ex- 
ternal imaging modalities for acquiring positional infor- 
mation. Moreover, these prior art systems are known to 
produce maps with limited accuracy. Accordingly, there 
is a need for equipment and methods that overcome 
these prior art limitations. 

SUMMARY OF THE INVENTION 

[001 6] The present invention is a novel system/appa- 



EP1 125 549 A2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



3 



5 



EP1 125 549 A2 



6 



ratus and method for rapidly generating a map of a char- 
acteristic of an organ, such as a chamber of the heart, 
within a defined period of time. One aspect of the inven- 
tion is directed to a catheter for use with the system for 
generating an electrical map of the heart. The catheter 
includes a body having a proximal end and a distal end. 
The distal end has a distal tip and comprises a contact 
electrode at its distal tip and an array of non-contact 
electrodes having a proximal end and a distal end, and 
at least one location sensor. 

[0017] In the case of a catheter having only a single 
location sensor, the sensor is preferably proximate the 
catheter distal tip. More preferably, the catheter com- 
prises first and second location sensors. The first loca- 
tion sensor is preferably proximate the catheter distal tip 
and the second location sensor is proximate the proxi- 
mal end of the non-contact electrode array. At least one 
and preferably both of the sensors used in the catheter 
of the invention provides six degrees of location infor- 
mation. The location sensor used in the catheter of the 
invention is preferably an electromagnetic location sen- 
sor. 

[0018] The distal tip electrode used in the catheter of 
the invention is preferably a bipolar electrode. The array 
of non-contact electrodes preferably comprises from 
about 12 to about 32 electrodes, and more preferably 
between about 16 to about 24 electrodes. In one pre- 
ferred embodiment, the non-contact electrode array in 
the catheter of the invention comprises less than about 
20 electrodes. 

[0019] In another embodiment, the invention is direct- 
ed to a catheter for generating an electrical map of the 
heart in which the catheter has a body having a proximal 
end and a distal end. The distal end comprises a distal 
tip and an array of non-contact electrodes having a distal 
end and a proximal end, as well as at least one location 
sensor proximate to the catheter distal tip. 
[0020] Another aspect of the invention is directed to 
a method for rapidly generating an electrical map of the 
heart that depicts an electrical characteristic of the 
chamber as a function of chamber geometry. The meth- 
od of the invention comprises the steps of providing a 
catheter including a body having a proximal end a distal 
end. The distal end comprises a distal tip and a contact 
electrode at its distal tip, an array of non-contact elec- 
trodes having a distal end and a proximal end, and at 
least one location sensor. The catheter is advanced into 
the chamber of the heart and the wall of the chamber of 
the heart is contacted with the contact electrode at a 
plurality of contact points. Electrical information and lo- 
cation information are acquired from each of the elec- 
trodes and location sensors, respectively. The acquisi- 
tion of electrical and location information takes place 
over at least one cardiac cycle while the contact elec- 
trode is in contact with each of the contact points. An 
electrical map of the heart chamber is generated from 
the acquired location and electrical information. 
[0021] In practicing the method of the invention with 



a catheter having only a single location sensor, the sen- 
sor is preferably proximate to the catheter distal tip. 
More preferably, the method of the invention is carried 
out with a catheter comprising first and second location 

s sensors. The first location sensor is preferably proxi- 
mate the catheter distal tip and the second location sen- 
sor is proximate the proximal end of the non-contact 
electrode array. Preferably, at least one and more pref- 
erably both of the catheter sensors used in the process 

io of the invention provide six degrees of location informa- 
tion. The location sensor used in the catheter of the in- 
vention is preferably an electromagnetic location sen- 
sor. 

[0022] The distal tip electrode of the catheter used in 
15 practicing the method of the invention is preferably a bi- 
polar electrode. The array of non-contact electrodes 
preferably comprises from about twelve to about thirty- 
two electrodes, and more preferably between about six- 
teen to about twenty-four electrodes. In one preferred 
20 embodiment, the non-contact electrode array in the 
catheter of the invention comprises less than about 
twenty electrodes. 

[0023] In the method of the invention, the contacting 
step is preferably effected at at least about five contact 
25 points, and more preferably, at between about five to 
about fifteen contact points. 

[0024] The electrical map generated by the method of 
the invention depicts an electrical characteristic of the 
heart chamber such as voltage, impedance, conduction 

30 velocity or local activation time as a function of chamber 
geometry. The location information used to generate the 
electrical map comprises the location of the contact 
electrode at each of the contact points, and, preferably, 
further comprises the location of each of the non-contact 

35 electrodes during data acquisition. 

[0025] The electrical information acquired during the 
data acquisition step is preferably the voltage at each of 
the electrodes. The electrical information at each of the 
contact points is measured by the contact electrode. In 

40 one preferred embodiment, the electrical characteristics 
intermediate the contact points are derived from data 
measured by the contact electrodes, preferably in com- 
bination with measurements by the non-contact elec- 
trodes. 

45 [0026] The resultant electrical map of the heart cham- 
ber generated by the method of the invention preferably 
depicts the geometry of the heart at a single point in the 
heart cycle, preferably, at end-diastole. The map is pref- 
erably output to a display device such as a computer 
50 display or a computer printer. 

[0027] In an alternative embodiment, the method of 
the invention comprises the steps of providing a catheter 
including a body having a proximal end and a distal end. 
The distal end comprises a distal tip, an array of non- 
55 contact electrodes having a distal end and a proximal 
end, and at least one location sensor. The catheter is 
advanced into the chamber of the heart and the wall of 
the chamber of the heart is contacted with the catheter 
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distal tip at a plurality of contact points. Electrical infor- 
mation and location information is acquired from each 
of the electrodes and location sensors, respectively, 
over at least one cardiac cycle while the catheter distal 
tip is in contact with each of the contact points. An elec- s 
trical map of the heart chamber is generated from the 
acquired location and electrical information. 
[0028] Another aspect of the invention is directed to 
a novel apparatus for rapidly generating an electrical 
map of a chamber of a heart wherein the map depicts 
an electrical characteristic of the chamber as a function 
of chamber geometry. The apparatus of the invention 
comprises a catheter including a body having a proximal 
end and a distal end. The distal end of the catheter com- 
prises a distal tip, a contact electrode at its distal tip, an 
array of non-contact electrodes having a distal end and 
a proximal end, and at least one location sensor. The 
catheter is adapted to contacting the wall of the chamber 
of the heart with the contact electrode at a plurality of 
contact points. A signal processor is used for acquiring 
electrical information and location information from each 
of the electrodes and location sensors, respectively, 
over at least one cardiac cycle while said contact elec- 
trode is in contact with each of the contact points. The 
signal processor is also used for computing an electrical 
map of the heart chamber from the acquired location 
and electrical information. 

[0029] I n an alternative embodiment, the apparatus of 
the invention comprises a catheter including a body hav- 
ing a proximal end and a distal end. The distal end com- 
prises a distal tip, an array of non-contact electrodes 
having a proximal end and a distal end, and at least one 
location sensor. The catheter is adapted to contacting 
the wall of the chamber of the heart with the catheter 
distal tip at a plurality of contact points. A signal proces- 
sor is used for acquiring electrical information and loca- 
tion information from each of the electrodes and location 
sensors, respectively, over at least one cardiac cycle 
while said catheter distal tip is in contact with each of 
the contact points. The signal processor is also used for 
computing an electrical map of the heart chamber from 
the acquired location and electrical information. 
[0030] Preferably, the catheter in the apparatus of the 
invention comprises first and second location sensors. 
The first location sensor is proximate to the catheter dis- 
tal tip and the second location sensor is proximate to the 
proximal end of the electrode array. At least one of the 
location sensors used in the apparatus of the invention 
is preferably an electromagnetic location sensor. The 
apparatus preferably further comprises means for dis- 
playing the geometric and electrical maps. 
[0031] Another aspect of the invention also includes 
ablating a region of a chamber of a heart based on the 
generated map. 

[0032] The method of the invention preferably further 
comprises validating the effectiveness of the ablation 
procedure, preferably, by acquiring additional electrical 
information from the catheter following the ablation pro- 



cedure. 

[0033] It is an object of the invention to provide a cath- 
eter, method and apparatus for generating an electrical 
map of a chamber of a heart more rapidly than using 
single contact electrode catheters used in the prior art. 
[0034] It is another object of the invention to provide 
a catheter, method and apparatus for generating an 
electrical map of a chamber of a heart using both contact 
and non-contact electrodes. 

[0035] It is another object of the invention to provide 
a catheter, method and apparatus for generating an 
electrical map of a chamber of the heart that is more 
accurate than prior art maps generated using only non- 
contact electrodes. 

[0036] It is another object of the invention to provide 
a catheter, method and apparatus that may be used to 
simultaneously acquire location as well as contact and 
non-contact electrical information in a chamber of a 
heart. 

[0037] It is another object of the invention to provide 
a catheter, method and apparatus for generating an 
electrical map of a chamber of a heart without the need 
to use external imaging modalities. 
[0038] It is another object of the invention to provide 
a catheter and methods for ablating a region of the heart, 
with the capability of rapidly validating the effectiveness 
of the ablation procedure by collecting additional post- 
ablation electrical information. 
[0039] These and other objects, features and advan- 
tages of the present invention will be more readily ap- 
parent from the detailed description set forth below, tak- 
en in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0040] 

Fig. 1 is a schematic drawing of selected elements 
of a system employing the catheter of the invention; 
40 Fig. 2 shows additional elements of a system em- 
ploying the catheter of the invention; 
Fig. 3A shows a front plan view of one embodiment 
of the catheter of the invention; 
Fig. 3B shows the catheter of Fig. 3A rotated by 90° 
45 about its longitudinal axis; 

Fig. 3C shows a partial cross-sectional view of the 
catheter of Fig. 3B; 

Fig. 4 shows a view of another preferred embodi- 
ment of the catheter of the invention; 
so Fig. 5 shows a top plan section of a catheter of the 
invention in a heart chamber; 
Fig. 6 shows the catheter of Fig. 3B in a deflected 
position; 

Fig. 7A depicts the distal end of the catheter of Fig. 
55 3B in contact with a first contact point within the left 
ventricle of a heart; and 

Fig. 7B depicts the distal end of the catheter of Fig. 
3B in contact with a second contact point within the 
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left ventricle of a heart. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] The present invention is a novel apparatus 
(system), including. Its associated catheter as well as 
novel method for conducting a rapid or fast mapping pro- 
cedure in an organ such as the chamber of a heart. The 
present invention is directed to conducting this rapid 
mapping procedure, usually based on electrical activity 
through the heart tissue, within a minimum period of 
time. 

[0042] The present invention includes a novel rapid 
diagnostic mapping and therapeutic delivery system, 
generally designated 18, as best shown in Fig. 1 , com- 
prising a novel fast diagnostic mapping and therapeutic 
delivery catheter 20 for insertion into the human body, 
and preferably, into a chamber 56 and 66 (Figs. 5 and 
7A) of a human heart 29 (Figs. 2, 7A and 7B). The cath- 
eter 20 includes a catheter body 20a having a distal end 
22. The distal end 22 includes an electrode 24 at distal 
tip 26 for measuring the electrical properties of the heart 
tissue. Electrode 24 is also useful for sending electrical 
signals to the heart for diagnostic purposes, e.g., for 
pace mapping, and/or for therapeutic purposes, e.g., for 
ablating defective cardiac tissue. Distal end 22 of cath- 
eter 20 further includes an array 23 of non-contact elec- 
trodes 25 for measuring far field electrical signals in the 
heart chamber. The array 23 of non-contact electrodes 
25 is a linear array in that the non-contact electrodes 25 
are linearly arranged along the longitudinal axis 47 (Fig. 
3A) of the catheter distal end 22. Distal end 22 of cath- 
eter 20 further includes at least one location sensor 28 
that generates signals used to determine the position 
and orientation of the catheter within the body. Location 
sensor 28 is preferably adjacent to distal tip 26 of cath- 
eter 20. There is preferably a fixed positional and orien- 
tational relationship of location sensor 28, tip 26 and 
electrode 24. 

[0043] Catheter 20 preferably includes a handle 30, 
which includes controls 32 to steer the distal end 22 of 
the catheter 20 in a desired direction, such as deflecting 
the distal end 22, or to position and/or orient it as de- 
sired. 

[0044] The system 1 8 as shown in Fig. 1 further com- 
prises a console 34, which enables the user to observe 
and regulate the functions of catheter 20. Console 34 
preferably includes a computer 36 (as a signal proces- 
sor), keyboard 38, signal processing circuits 40 which 
are typically inside the computer, and display 42. Signal 
processing circuits 40 typically receive, amplify, filter 
and digitize signals from catheter 20, including signals 
generated by location sensor 28, tip electrode 24 and 
non-contact electrodes 25 whereupon these digitized 
signals are received and used by computer 36 to com- 
pute the position and orientation of the catheter as well 
as the electrical characteristics of the heart chamber. 
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Alternatively, appropriate circuitry may be associated 
with the catheter 20 itself so that circuits 40 receive sig- 
nals that are already amplified, filtered and/or digitized. 
[0045] Catheter 20 is coupled to computer 36 via an 

5 extension cable 21 , which at its proximal end comprises 
a connector 44 adapted to fit in a mating receptacle 46 
on console 34. The distal end of cable 21 comprises a 
receptacle 33 which connects to catheter handle 30. Re- 
ceptacle 33 is preferably configured to receive catheters 

10 of a specific model, and preferably includes user-evi- 
dent identification of the specific model. One of the ad- 
vantages in using cable 21 is the ability to connect dif- 
ferent models and types of catheters, such as those 
catheters having different handle configurations, to the 

1* same console 34. Different cables 21 can be used to 
connect a large variety of catheters to console 34. An- 
other advantage in having a separate cable 21 is in the 
fact that the cable 21 does not come into contact with 
patients and therefore it is possible to re-use the cable 

20 21 without sterilization. 

[0046] Cable21 further contains one or mo re isolation 
transformers (not shown in the figures), which electri- 
cally isolate catheter 20 from console 34. The isolation 
transformers are preferably contained in receptacle 33. 

25 Alternatively, isolation transformers may be contained 
in the associated system electronics. 
[0047] Additional components used in system 1 8 with 
catheter 20 of the present invention are illustrated sche- 
matically in Fig. 2. A physician 100 inserts catheter 20 

30 through an incision in the vasculature, e.g., using an in- 
travascular approach, into a chamber 56 and 66 (Figs 
5, 7A and 7B) of a heart 29 of a patient 1 1 0, so that distal 
tip electrode 24, array 23 of non-contact electrodes 25 
and location sensor 28 are inside the chamber. In ac- 

35 cordance with an exemplary location sensor described 
in PCT patent application number WO 96/05768, filed 
January 24, 1 995, and U.S. patent 5,391 , 1 99, which are 
assigned to the assignee of the present application and 
whose disclosures are incorporated herein by refer- 

40 ence, sensor 28 generates signals in response to exter- 
nally applied magnetic fields generated by electromag- 
netic field generator coils 27 which are located near the 
patient 1 1 0 such as fixed to operating table 31 . The mag- 
nitude of the signals generated by sensor 28 depends 

45 on the position and orientation of the sensor in the ap- 
plied magnetic field. Field generator coils 27 are con- 
nected via cable 41 to driver circuits 43. Circuits 43 are 
connected to computer 36 (Fig. 1), which controls the 
operation of the generating coils. Alternatively, the sys- 

so tern of the invention may employ field generator coils in 
the catheter and sensors external to the patient. 
[0048] While the catheter, process and apparatus of 
the invention are described herein with reference to 
electromagnetic sensors, any other location sensor that 

55 provides three-dimensional position information and, 
optionally, orientation information, may be used in the 
practice of the invention. Illustrative sensors that are al- 
so useful include acoustic sensors and magnetic sen- 
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sors. 

[0049] Preferably, measurements by location sensor 
28 are substantially synchronized with the heart cycle, 
so that the resultant maps of electrical activity of the 
heart chamber 56 and 66 depict the chamber geometry 
at a single point in the heart cycle. Preferably, the maps 
depict the heart 29 at the end-diastole point in the heart 
cycle. Synchronization of the locations to a point in the 
cardiac cycle eliminates errors that may otherwise arise 
in determining positions of contact electrode 24 and 
non-contact electrodes 25 due to movement of the heart 
29. 

[0050] Figure 3A is a plan view of the distal end of one 
preferred embodiment of the catheter of the invention. 
Fig. 3B depicts the catheter of Fig. 3A rotated by 90° 
about its longitudinal axis 47. Fig. 3C depicts the cath- 
eter of Fig. 3B in cross-section along line 3B-3B. As 
shown in Fig. 3A, the catheter comprises tip electrode 
24 and ring electrode 45. Together, these two electrodes 
function as a bipolar contact electrode. The array 23 of 
non-contact electrodes 25 has a proximal end 49 and a 
distal end 50. Array 23 consists of a plurality of elec- 
trodes 25, for instance, sixteen point electrodes 25. 
Each electrode 25 is circular in cross-section and has a 
diameter of 1 mm. The electrodes 25 in array 23 are 
arranged in four columns spaced circumferentially 
around the catheter distal end 22 in 90° increments. The 
location of the electrodes 25 in each column is longitu- 
dinally offset relative to the location of the corresponding 
electrodes in adjacent columns. This arrangement of 
non-contact electrodes 25 in array 23 allows the non- 
contact electrodes 25 to simultaneously receive far-field 
electrical signals from all walls of the chamber 56 and 
66 in which the catheter 20 is advanced. The catheter 
20 further comprises two location sensors 28 and 48 
wherein sensor 28 is at the catheter distal tip and sensor 
48 is near the proximal end 49 of array 23. Not shown 
in Fig. 3C are wires that connect each of the sensors 28 
and 48 and each of the electrodes 24, 25 and 45 to han- 
dle 30, from which signals are transmitted to circuits 40. 
Likewise not shown is a deflection mechanism which 
permits deflection of the catheter tip via control 32 on 
catheter handle 30. The specific design of the catheter 
deflection mechanism is not critical to the invention, and 
may be any of the designs for catheter deflection mech- 
anisms known in the art. Catheter steering/deflection 
mechanisms are disclosed, for example, in U.S. Patents 
5,964,757; 5,897,529; and 5,938,603; in EP Patent Ap- 
plications EP 0900547 and EP 0900548, and in PCT 
Patent Application WO 98/43530, the disclosures of 
which are hereby incorporated in their entirety by refer- 
ence. 

[0051] Fig. 4 shows an alternate embodiment distal 
end 22a for the catheter 20 of the invention . The catheter 
20 consists of tip electrode 24 and ring electrode 45. An 
array 23a of non-contact electrodes 25a consists of a 
total of twenty-four non-contact electrodes 25a ar- 
ranged in four columns of six electrodes each and 
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spaced circumferentially at 90° increments about the 
catheter distal end 22a. In the embodiment shown in Fig. 
4, the non-contact electrodes 25a are rectangular in 
shape, having dimensions of 1 mm X 3 mm, and are 

5 spaced within a column at a distance of 8 mm between 
centers. The catheter distal end 22a of Fig. 4 likewise 
contains two location sensors (not shown), one at the 
catheter tip 24 and the other at the proximal end of elec- 
trode array 23a. 

10 [0052] Electrode array 23a preferably comprises from 
about twelve to about thirty-two non-contact electrodes 
25a. More preferably, array 23a comprises from about 
sixteen to about twenty-four non-contact electrodes 
25a. In one preferred embodiment, array 23a comprises 

is less than twenty non-contact electrodes 25a. 

[0053] As shown in Figures 3A, 3B, 3C and 4, non- 
contact electrodes 25 and 25a in electrode arrays 23 
and 23a are preferably discontinuous about the circum- 
ference of catheter distal ends 22 and 22a, respectively. 

20 Fig. 5 is a top plan section view of catheter 20 in heart 
chamber 56. Catheter 20 has its non-contact electrode 
array 23 arranged in four columns equally spaced about 
the catheter circumference. The discontinuous non- 
contact electrodes sense the electrical activity of distinct 

25 regions of the cardiac surface, designated as 58, 60, 62 
and 64 in Fig. 5. In contrast, non-contact electrodes that 
are continuous about the catheter circumference would 
provide signals that would represent average electrical 
activity in the heart chamber, from which it would be 

30 more difficult to determine local electrical activity. Ring 
electrodes are an example of a continuous electrode ge- 
ometry that completely encircles the catheter circumfer- 
ence, and, as such, are not preferred for use as the non- 
contact electrodes in the practice of the invention. 

35 [0054] Additionally, it is important to notethatthe cath- 
eter 20 according to the present invention can optionally 
utilize the contact electrode 24 along with the non-con- 
tact electrode arrays 23 and 23a respectively. Accord- 
ingly, it is within the scope of the present invention to 

40 conduct a rapid diagnostic mapping procedure based 
on electrical information received through the non-con- 
tact electrodes 25 and 25a alone. While the catheter dis- 
tal ends 22 and 22a shown in Figures 3A, 3B, 3C and 4 
have bipolar distal tip contact electrodes, it will be un- 

45 derstood that catheter distal ends containing unipolar 
distal tip electrodes are also considered to be within the 
scope of the present invention. 
[0055] In practicing the method of the invention, it is 
necessary to know the position and orientation of each 

50 of the non-contact electrodes 25 and 25a contained in 
array 23 and 23a respectively of catheter 20. In order to 
know the location and orientation of each of the elec- 
trodes, the catheter of the invention used in the method 
of the invention preferably employs two or more location 

55 sensors such as sensors 28 and 48 as shown in Fig. 
3C. One of these sensors is preferably placed in the 
catheter distal tip 26 while a second sensor is preferably 
placed at the proximal end 49 of the non-contact elec- 
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trode array 23. Preferably, at least one of these location 
sensors provides six degrees of location and orientation 
information, i.e., three position coordinates (x, y and z) 
and the three orientation coordinates (pitch, roil and 
yaw). A suitable, location sensor 28 and 48 that provides 
six degrees of location information is described, for ex- 
ample in PCT application WO 96/05768, the disclosure 
of which is incorporated herein by reference. 
[0056] Fig. 6 shows the catheter distal end 22 in Fig. 
3B in a deflected position. The orientation of sensors 28 
and 48 may be characterized by lines 52 and 54, which 
represent the axes passing through sensors 28 and 48, 
respectively. Knowing the three-dimensional position 
and orientation of each of the sensors and the geometry 
of the electrodes 25 at the catheter distal end 22, the 
position and orientation of each of the electrodes 25 may 
be calculated, for example, using spline techniques. 
[0057] Under suitable circumstances, e.g., knowl- 
edge of the stiffness characteristics of the catheter, oth- 
er image information, and the use of stiff, short non-con- 
tact electrode arrays, it may be possible to use a cath- 
eter having only a single position sensor in the practice 
of the method of the invention. In such cases, the sensor 
is preferably located at the catheter distal tip 26. 
[0058] In catheters having multiple location sensors, 
not all sensors need to provide six degrees of location 
information. For example, as shown in Fig. 3C, sensor 
28 preferably senses and transmits signals indicative of 
six degrees of location information. While sensor 48 
may be a six-degree sensor, a sensor providing less 
than six degrees of location information may also be 
used. For example, a sensor which senses five degrees 
of location information (three position coordinates, pitch 
and yaw) is described in U.S. Patent 5,913,820, the dis- 
closure of which is incorporated herein by reference. 
Such sensors may be used as the second sensor prox- 
imate the proximate end 49 of electrode array 23. Alter- 
natively, a plurality of location sensors, each providing 
less than six degrees of location information, may be 
used. For example, three or more location sensors, 
each providing three degrees of location information, 
may be used to define the location of all points on the 
catheter. 

[0059] The catheter of the invention preferably has a 
diameter between about 5 French and about 11 French 
(3 French = 1 mm). More preferably, the catheter of the 
invention has a diameter between about 6 French and 
about 8 French. 

[0060] Another aspect of the present invention is di- 
rected to a method for rapidly generating an electrical 
map of a chamber 66 of the heart 29 that depicts an 
electrical characteristic of the chamber 66 as a function 
of chamber geometry within a brief time period. The 
method of the invention, as best illustrated in Figs. 7A 
and 7B, includes advancing the catheter 20 into the 
chamber 66 of the heart 29. The contact electrode 24 at 
distal tip 26 of catheter 20 is then brought into contact 
with wall 68 of chamber 66 at first contact point 70. Con- 
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tact electrode 24 is maintained in contact with wall 68 at 
contact point 70 throughout at least an entire cardiac 
cycle. During this time, location information, is continu- 
ously measured by location sensors 28 and 48, while 

5 electrical information, preferably, voltage (as a function 
of time), is measured by contact electrode 24 and each 
of the non-contact electrodes 25 in array 23. 
[0061] After the above electrical and location informa- 
tion is collected at first contact point 70, contact elec- 

10 trode 24 at the catheter tip 26 is advanced to a second 
contact point on the chamber surface. Figure 7B shows 
the contact electrode 24 in contact with second contact 
point 72 on chamber wall 68. Figure 7B further shows 
point 70, the site of the first contact point, and points 74, 

15 shown as asterisks, which represent the location of the 
non-contact electrodes 25 while contact electrode 24 
was at first contact point 70. Once again, contact elec- 
trode 24 is maintained in contact with wall 68 at contact 
point 72 throughout at least an entire cardiac cycle, dur- 

20 ing which time location information is measured by the 
location sensors, and electrical information is measured 
by contact electrode 24 and by each of the non-contact 
electrodes 25. 

[0062] Contact electrode 24 is advanced over a plu- 

25 rality of contact points on the cardiac chamber surface, 
and location and electrical information is acquired while 
the contact electrode is in contact with each of the con- 
tact points. Preferably, the above-described contacting 
and information acquisition steps are effected at at least 

30 about five contact points on the cardiac chamber sur- 
face. More preferably, the contacting and information 
acquisition steps are effected at between about five and 
about fifteen contact points on the cardiac chamber sur- 
face. Assuming that data are acquired at ten contact 

35 points, it can be seen that using the catheter of Figs. 3A- 
C for example, electrical data at a total of ten contact 
points and one hundred and sixty non-contact points 
(ten contact points X sixteen non-contact electrodes) 
would be available for the map generation step. 

40 [0063] The resultant location and electrical informa- 
tion acquired at each of the above-defined process 
steps provides the starting point for generating an elec- 
trical map of the heart chamber. 
[0064] There are two sources of location information 

45 useful in construction of the map of the cardiac chamber. 
The first source of information is the location of sensor 
28 adjacent the catheter distal tip 26 at each of the con- 
tact points. The second source of information is the lo- 
cation of each of the non-contact electrodes while the 

50 contact electrode is in contact with each of the contact 
points. 

[0065] The location of the contact electrodes at each 
of the contact points may be used to define the geomet- 
ric map of the cardiac chamber. While not actually con- 
55 tacting the cardiac surface, the totality of the non-con- 
tact electrode locations defines a "cloud" of space which 
represents a minimum chamber volume. These non- 
contact locations may be used, alternatively, or together 
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with the location of the contact electrodes at each of the 
contact points, to define the chamber geometry. 
[0066] It is preferable to use a reference location sen- 
sor toco rrectfor patient movement during the procedure 
or to movement of the heart due to patient breathing. 
One method of obtaining a location reference is by the 
use of a reference catheter containing a reference loca- 
tion sensor elsewhere in the heart. Alternatively, a ref- 
erence location sensor may be contained in a pad that 
might be attached external to the patient, for example 
on the back of the patient. In either case, locations de- 
termined by the sensors contained in the mapping cath- 
eter may be corrected for patient movement with the ref- 
erence sensors. 

[0067] The method of the present invention may like- 
wise use the known Rudy method, as previously de- 
scribed, to extract endocardial potentials from electrical 
measurements made by the non-contact electrode ar- 
ray. However, using the novel catheter 20 of the present 
invention in the novel manner disclosed herein, data tak- 
en by the contact electrode, which accurately measures 
endocardial potentials at the contact points, can be used 
to constrain the endocardial potentials determined from 
the non-contact electrodes. Furthermore, in contrast to 
the Rudy method where chamber geometry is deter- 
mined independently, in the method of the invention, 
chamber geometry is determined by the location sen- 
sors simultaneous with the electrical measurements. 
[0068] In the Beatty method, as described previously, 
expected endocardial potentials are computed based 
on measurements from the electrode array. The meas- 
ured voltage at the surface-contacting reference elec- 
trode is used as a scaling factor in computation of the 
voltage map. The Beatty method may alternatively be 
used in the method of the present invention to generate 
local endocardial potentials from the combined contact 
and non-contact electrode measurements. 
[0069] The resultant electrical potentials imputed to 
the cardiac surface by the non-contact electrode array 
can be used to reconstruct local endocardial electro- 
grams. These reconstructed electrograms, together 
with the electrograms measured by contact electrode 
24, provide the electrical information from which the 
electrical map of the heart chamber may be generated. 
[0070] Alternatively, one can reconstruct a "virtual 
probe" which models the location and electrical informa- 
tion of the non-contact electrodes over all of the meas- 
urements, treating these as if they were acquired simul- 
taneously in a single cardiac cycle. Electrical potentials 
at the virtual probe may be correlated with the surface 
of the heart wall in reconstructing the electrical map of 
the cardiac chamber. 

[0071 ] A preferred electrical characteristic of the heart 
which may be mapped is the local activation time (LAT). 
LAT may be determined as a characteristic of the local 
electrograms, e.g. , as the time associated with the max- 
imum value of the local electrogram. 
[0072] The local electrical characteristic that is 



mapped in the process of the invention is preferably ref- 
erenced to a fiducial value. This value may, for example, 
be based on an electrical characteristic measured at a 
reference catheter elsewhere in the heart. Alternatively, 

s the mapped electrical characteristic may be referenced 
to a particular feature of the body surface ECG signal. 
[0073] A preferred method for generating the electri- 
cal map of the heart from the acquired location and elec- 
trical information is described in EP-A-0 974 936 the dis- 

10 closure of which is hereby incorporated in its entirety by 
reference. Briefly, in preferred embodiments of the 
present invention, a processor reconstructs a map, pref- 
erably a 3-D map, of the cardiac chamber from a plurality 
of sampled points on the chamber whose position coor- 

15 dinates have been determined. The processor is pref- 
erably capable of reconstructing the map based on a 
limited number of sampled points. Preferably, five to fif- 
teen sampled points are sufficient in order to perform a 
preliminary reconstruction of the surface to a satisfac- 

20 tory quality. 

[0074] An initial, generally arbitrary, closed 3-D 
curved surface (also referred to herein for brevity as a 
curve) is defined in a reconstruction space in the volume 
of the sampled points. The closed curve is roughly ad- 

25 justed to a shape which resembles a reconstruction of 
the sampled points. Thereafter, a flexible matching 
stage is preferably repeatedly performed one or more 
times in order to bring the closed curve to accurately 
resemble the shape of the actual volume being recon- 

30 structed. Preferably, the 3D surface is rendered to a vid- 
eo display or other screen for viewing by a physician or 
other user of the map. 

[0075] The initial closed curved surface preferably en- 
compasses substantially all the sampled points or is in- 

35 terior to substantially all the sampled points. However, 
it is noted that any curve in the vicinity of the sampled 
points is suitable. Preferably, the closed 3D curved sur- 
face comprises an ellipsoid, or any other simple closed 
curve. Alternatively, a non-closed curve may be used, 

40 for example, when it is desired to reconstruct a single 
wall rather than the entire volume. 
[0076] A grid of a desired density is defined on the 
curve. For each of the points on the grid, a vector is de- 
fined which is dependent on the displacement between 

45 one or more of the grid points and one or more of the 
measured locations on the cardiac surface. The surface 
is adjusted by moving each of the grid points in response 
to the respective vector, so that the reconstructed sur- 
face is deformed to resemble the actual configuration of 

so the cardiac chamber. The grid preferably divides the 
curved surface into quadrilaterals or any other polygons 
such that the grid evenly defines points on the curve. 
Preferably, the grid density is sufficient such that there 
are generally more grid points than sampled points in 

55 any arbitrary vicinity. Further preferably, the grid density 
is adjustable according to a desired compromise be- 
tween reconstruction accuracy and speed. 
[0077] In preferred embodiments, dedicated graphics 
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hardware, designed to manipulate polygons, is used to 
perform the reconstruction stages described above. 
[0078] Preferably, after the geometric map of the 
chamber is constructed as described above, values of 
the electrical characteristic are determined for each of 
the grid points based on interpolation of the character- 
istic at surrounding points sampled by the contact elec- 
trode or imputed by the non-contact electrodes. 
[0079] Thus, the method of the invention results in the 
generation of a map of an electrical characteristic of the 
heart chamber 66 as a function of chamber geometry. 
The electrical characteristic is preferably selected from 
local voltage, local impedance, local conduction velocity 
or local activation time. 

[0080] Preferably, the electrical characteristic is dis- 
played on the reconstructed surface based on a prede- 
fined color scale. 

[0081] The method of the invention further preferably 
comprises outputting the generated map to a display de- 
vice, preferably, a computer display or a computer print- 
er. 

[0082] The above-described method is especially 
useful to define the area of interest, i.e., that portion of 
the heart chamberwhich is responsible for irregular car- 
diac activity, to within a certain degree of accuracy. The 
accuracy of the map in the area of interest may be fur- 
ther refined by collecting additional electrical and posi- 
tional contact information in that area. 
[0083] In an alternative embodiment, the invention is 
directed to a method for generating an electrical map of 
a chamber of a heart wherein the map depicts an elec- 
trical characteristic of the chamber as a function of 
chamber geometry. In this method, the catheter 20 is 
advanced into the chamber 66 of the heart 29 as shown 
in Figs. 7A and 7B wherein the wall 68 of the chamber 
66 of the heart 29 is contacted with the catheter distal 
tip 26 at a plurality of contact points. Electrical informa- 
tion and location information from each of the electrodes 
and location sensors, respectively, is acquired. The ac- 
quisition takes place over at least one cardiac cycle 
while the catheter distal tip 26 is in contact with each of 
the contact points. An electrical map of the heart cham- 
ber is then generated from the acquired location and 
electrical information. 

[0084] In this embodiment of the method of the 
present invention, the catheter 20 utilizes a first location 
sensor 28 and a second location sensor 48 as depicted 
in Fig. 3C. In this embodiment, the method of the inven- 
tion may be effected even in the absence of a contact 
electrode 24 at the catheter distal tip 26 by deriving 
chamber locations from the location sensors 28 and 48, 
particularly from the location sensor 28 positioned at the 
catheter distal tip 26. The location of each of the non- 
contact electrodes are known from the location of the 
location sensors and the known geometry of the cathe- 
ter. The chamber geometry may be defined and recon- 
structed as described above, and the electrical charac- 
teristic, derived from the non-contact electrodes, is 



mapped on the reconstruction as a function of chamber 
geometry. 

[0085] The catheter, method and apparatus of the in- 
vention are directed to generating any of the maps com- 

5 monly used by cardiologists. Exemplary mapping pro- 
cedures that may be effected using the catheter, method 
and apparatus of the invention include sinus rhythm 
mapping, pace mapping and VT mapping. 
[0086] Additionally, it is important to note that the con- 

10 tact electrode 24 at distal tip 26, in addition to mapping, 
is also useful to deliver therapy, such as RF energy ab- 
lation, through the contact electrode 24 at the distal tip 
26 in order to ablate lesions at or near the endocardial 
surface. The catheter 20 of the invention is ideally suited 

is to validate the effectiveness of the ablation procedure, 
preferably with the acquisition of the post-ablation elec- 
trical activity in a single cardiac beat. 
[0087] It will be appreciated that the preferred embod- 
iments described above are cited by way of example 

20 and the full scope of the invention is limited only by the 
claims which follow. 



Claims 

25 

1 . A catheter comprising: 

a body having a proximal end and a distal end, 
said distal end having a distal tip; 

30 a contact electrode at said distal tip; 

an array of non-contact electrodes on said dis- 
tal end of said body, said array having a proxi- 
mal end and a distal end; and 
at least one location sensor on said distal end 

35 of said body. 

2. A catheter comprising: 

a body having a proximal end and a distal end, 
40 said distal end having a distal tip; 

an array of non-contact electrodes on said dis- 
tal end of said body, said array having a proxi- 
mal end and a distal end; and 
at least one location sensor proximate to said 
45 catheter distal tip. 

3. The catheter of claim 1 wherein said at least one 
location sensor is proximate to said catheter distal 
tip. 

50 

4. The catheter of any one of claims 1 to 3 wherein 
said at least one location sensor comprises a first 
location sensor and a second location sensor. 

55 5. The catheter of claim 4 wherein said first location 
sensor is proximate to said catheter distal tip and 
said second location sensor is proximate to said 
proximal end of said array of non-contact elec- 
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trades. 

6. The catheter of claim 5 wherein at least one of said 
first location sensor and said second location sen- 
sor provides six degrees of location information. 

7. The catheter of claim 6 wherein said first location 
sensor and said second location sensor each pro- 
vide six degrees of location information. 

8. The catheter of claim 4 wherein at least one of said 
first location sensor and said second location sen- 
sor is an electromagnetic location sensor. 

9. The catheter of any one of claims 1 to 8 when de- 
pendent on claim 1 wherein said distal tip contact 
electrode is a bipolar electrode. 

10. The catheter of any one of claims 1 to 9 wherein 
said electrode array comprises from about twelve 
to about thirty-two non-contact electrodes. 

11. The catheter of claim 10 wherein said array com- 
prises from about sixteen to about twenty-four elec- 
trodes. 

12. A method for generating an electrical map of a 
chamber of a heart, said map depicting an electrical 
characteristic of the chamber as a function of cham- 
ber geometry, said method comprising the steps of: 

a) providing a catheter according to any one of 
claims 1 to 1 1 ; 

b) advancing said catheter into said chamber 
of said heart; 

c) contacting the wall of said chamber of said 
heart with either said contact electrode or said 
catheter distal tip at a plurality of contact points; 

d) acquiring electrical information and location 
information from each of said electrodes and 
said at least one location sensor, respectively, 
said acquisition taking place over at least one 
cardiac cycle while said contact electrode or 
catheter distal tip is in contact with each of said 
contact points; and 

e) generating an electrical map of said heart 
chamber from said acquired location and elec- 
trical information. 

13. The method of claim 12 including determining said 
geometry of said heart chamber from the location 
information provided by of each of said location sen- 
sors. 

14. The method of claim 12 or claim 13 wherein said 
generating step (e) comprises computing the loca- 
tion of said contact electrode or said distal tip and 
each of said non-contact electrodes during acquisi- 



tion of said electrical and location information. 

15. The method of claim 14 wherein said chamber ge- 
ometry is derived from the location of said contact 

5 electrode or distal tip and each of said non-contact 
electrodes during acquisition step (d). 

1 6. The method of claim 1 5 wherein said electrical map 
is derived from: 

10 i) the location of said contact electrode or distal tip 
and of each of said non-contact electrodes during 
acquisition of said electrical and location informa- 
tion; andii) the electrical information acquired by the 
contact electrode or distal tip at each of said contact 
15 points. 

17. The method of claim 16 wherein said electrical char- 
acteristics intermediate said contact points are de- 
rived from the electrical information acquired from 

20 said non-contact electrodes. 

18. The method of claim 14 wherein said electrical map 
is derived from 

25 j) the location of said contact electrode or distal 

tip and of each of said non-contact electrodes 
during acquisition of said electrical and location 
information; and 

ii) the electrical information acquired by said 
30 contact electrode or distal tip and each of said 

non-contact electrodes. 

1 9. The method of any one of claims 1 2 to 1 8 including 
ablating a portion of said heart chamber based on 

35 said electrical map. 

20. The method of claim 19 which further comprises 
validating the effectiveness of the ablation proce- 
dure. 

40 

21. The method of claim 20 wherein said validation 
comprises acquiring additional electrical informa- 
tion from said catheter following said ablation pro- 
cedure. 

45 

22. Apparatus for generating an electrical map of a 
chamber of a heart, said map depicting an electrical 
characteristics of the chamber as a function of 
chamber geometry, said apparatus comprising: 

50 

a catheter as claimed in any one of claims 1 to 
1 1 , said catheter being adapted to contact the 
wall of said chamber of said heart with said con- 
tact electrode or catheter distal tip at a plurality 
55 of contact points; and 

a signal processor operatively connected to 
said catheter for acquiring electrical informa- 
tion and location information from each of said 
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electrodes and location sensors, respectively, 
over at least one cardiac cycle while said con- 
tact electrode or distal tip is in contact with each 
of said contact points, said signal processor al- 
so generating an electrical map of said heart 5 
chamber from said acquired location and elec- 
trical information. 
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